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   TRICKLE/PULSE FLOW REGIME TRANSITION 
IN DOWNFLOW PACKED TOWER INVOLVING 
FOAMING LIQUIDS 
Most existing studies in foaming trickle bed reactors aim at the improvement of 
efficiency and operational parameters leading to high economic advantages. 
Conventionally, most of the industries rely on frequently used gas continuous 
flow (GCF) where operational output is satisfactory but yields are not as effi-
cient as in pulsing flow (PF) and foaming pulsing flow (FPF).  Hydrodynamic 
characteristics like regime transitions are significantly influenced by the foam-
ing nature of liquid as well as gas and liquid flow rates. The aim of this study 
was to experimentally demonstrate the effects of liquid flow rate, gas flow rates 
and liquid surface tension on regime transition. These parameters were anal-
yzed for the air-aqueous sodium lauryl sulphate and air-water systems. More 
than 240 experiments were done to obtain the transition boundary for trickle 
flow (GCF) to foaming pulsing flow (PF/FPF) by use of excessive foaming
15-60 ppm surfactant compositions. The trickle to pulse flow transition appeared 
at lower gas and liquid flow rates with decrease in liquid surface tension. All 
experimental data were collected and drawn in the form of four different tran-
sitional plots which are compared and presented by using flow coordinates 
proposed by different researchers. A prominent decrease in dynamic liquid sa-
turation was observed, especially during the regime transitional change. The 
reactor two phase pressure had an evident sharp rise, verifying the regime 
transition shift from GCF to PF/FPF. The study revealed that the regime tran-
sition boundary is significantly influenced by any change in hydrodynamic as 
well as physiochemical properties including surface tension. 
Keywords: trickle bed reactor; foaming; pulsing; regime transition; dyna-
mic liquid saturation. 
 
 
Processes based upon multiphase reactions 
occur in a broad range of application areas and form 
the basis for manufacture of a large variety of inter-
mediate and consumer end-products, the conversion 
of undesired chemical or petroleum processing by-
products into environmentally acceptable or recyc-
lable products. Gas-liquid-solid (catalysts) reactive 
systems encountered in multiphase reactors are com-
mon in chemical engineering in which concurrent gas 
and liquid downflow systems plays an important role 
in refining of petroleum and petrochemicals (in hydro-
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refining, hydrocracking and hydrodenitrification), elec-
trochemical, biochemical processes like removal of 
organic pollutants from waste water and organic com-
pounds by means of immobilized aerobic bacteria [1,2]. 
A fixed bed of catalyst (porous or non-porous) ope-
rated with concurrent downflow of gas and liquid is 
known as a trickle bed reactor and abbreviated as TBR. 
These three phase reactors (reactions) are wi-
dely used in industrial practice of treatment of foam-
ing petroleum products [3]. Among these processes 
relying on trickle beds, the hydrodynamics of foaming 
systems involved remain a poorly explored subject, 
even though the formation of foam is very common, 
especially in the petroleum industry. Foams play an 
important role in productivity and petroleum recovery 
processes [4].  A number of researchers introduced 
the concept of different flow regimes for foaming and 
non-foaming systems. They identified four flow re-V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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gimes for foaming systems: trickle flow regime (GCF), 
foaming pulsing flow (FPF), bubble flow and spray 
flow. Amongst these, GCF and FPF regimes (Figure 
1) are of particular interest, especially in industrial 
applications. 
 
Figure 1. Schematic representation of trickle flow regime (GCF) 
and foaming pulsing flow regime (PF/FPF). 
The partial or incomplete wetting of catalyst par-
ticles at increasing liquid velocities generally forms 
trickle flow. Gas flow fluctuations in liquid bridges of 
catalyst packing channels cause a thickness of the 
liquid film. These bridges stop the gas in the chan-
nels, the pressure behind them increases and finally 
the liquid is blown into foamed pulses. This phenol-
menon of FPF prevails at higher gas and liquid flow 
rates compared to trickle flow. The operation of the 
reactor is favorable in the pulse flow regime in which 
liquid/solid mass transfer coefficients are much higher 
than in the trickling flow. The transition boundary 
between GCF to FPF regimes was first drawn by 
Charpentier [5] (Eq. (1)) by using the coordinate sys-
tem of Baker et al. [6]. The parameters λ and ψ ex-
press the physiochemical properties of the gas and 
liquid with respect to the properties of water and air. 
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 (1)   
The literature reveals that it is necessary to take 
into account the influence of hydrodynamic properties 
on shifting regime transition boundary. This phenol-
menon was first observed by Gianetto [7], who pro-
posed a prominent correlation (Equation 2) by consi-
dering porosity of catalysts. Further, different modified 
flow maps were proposed to predict the regime tran-
sition at corresponding hydrodynamic as well as phy-
siochemical changes over the catalyst bed column: 
L
G
λψ  and 
G
λε
 (2) 
During the last decade, Aydin et al. [9,10] have 
obtained outstanding experimental data to mathema-
tically evaluate the concentration of foaming occurs in 
the initially free volume of bed. They concluded that, 
in cyclic processes, foam structures collapse due to 
low contact angle and higher curvature within surface 
of catalyst particles. A blown wave generated a pres-
sure drop and regime flow transferred from trickle flow 
(GCF) to foaming pulsing flow (FPF). It should be 
mentioned that if we want to calculate the real velo-
cities of the gas and liquid in the column, dynamic 
liquid hold up trends are decisive factors especially 
for foaming systems. To overcome this, flow coordi-
nates proposed by Bartelmus [11,12] were chosen. 
This criterion (Eq. (3)) directly allows us to consider 
the effect of the liquid viscosity and surface tension 
on regime transition boundary and liquid hold-up. Li-
quid holdup and two-phase pressure drop are the two 
basic hydrodynamic parameters that are often inter-
linked with reaction conversion and selectivity, power 
consumption and interfacial mass transfer that take 
place in a trickle-bed reactor: 
0.548 L
G
λψ and 
G
λ
 (3) 
Surface tension plays an important role to de-
termine the regime transition for foaming systems [1]. 
None of the mathematical criteria available concern 
surface tension and estimate transition regime from 
trickle to pulse or spray flow regime. Estimation of 
surface tension influences on TBR is very complex to 
explain but Larachi et al. [13] proposed an outstand-
ing database based on a number of literature studies. 
While in combined form, aqueous surfactant and poly-
meric carboxymethylcellulose (CMC) system of low 
surface tension in pulse flow regime witnessed a 
much low value of liquid hold up [14]. Further, the ef-
fect of viscosity and surface tension on polymeric 
based polyacrylamide (PAA), carboxymethyl cellulose 
(CMC) and polyethylene glycol (PEG) over different 
catalyst sizes has been appreciably described by 
Bansal et al. [3,15,24,25].  
Sai and Varma [16] presented a more accurate 
mathematical criterion in terms of Lockhart-Martinelli 
[18] parameters, flow variables and packing charact-
eristics. Illiuta et al. [17] revealed that a flow map of 
gas velocity versus liquid superficial velocity for the 
air-water system does not provide an accurate pre-
diction for other fluids or for beds with different poro-
sity or wetting characteristics. The past research would 
enable prior information to those fluids display foam-
ing and aims significantly to systems need further 
study. Several attempts to solve this problem found in 
literature are listed below in Table 1. These authors 
reported that the transition points for foaming systems 
show completely different phenomena compared to 
non-foaming systems of similar physicochemical pro-
perties under identical flow rates of both phases. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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Literature studies show the dependence of de-
creasing surface tension with increasing foaminess in 
the above listed (Table 1) gas-liquid systems. The 
sodium lauryl sulphate used for present study pro-
duces a moderate to extensive foam formation ability 
depend upon concentration used and other parame-
ters. Several authors [3,15,24] produced very good 
correlation to predict foaming/pulsing transition re-
gime by experimentation over a range of different 
gas-liquid systems. However, their present working 
area is limited to low foaming systems of variable 
physiochemical properties: 
4 0.25
3
2
2
1
5.73
LS G
GS
λξ
λε
−   =  
 
 (4)   
Therefore, to consider observations of past re-
searches in a better manner and predict a more ac-
curate correlation in present study, used higher con-
centrations of sodium lauryl sulphate, i.e., is a surf-
actant which also exhibits a variable physiochemical 
properties compared to systems listed in literature. 
During preliminary tests, concentrations over 60 ppm 
showed a severe foaming and resulted into blockage, 
clogging and over flow within the reactor. Therefore 
present study is limited to four concentrations of 15, 
30, 45 and 60 ppm aqueous solution of sodium lauryl 
sulphate along with water has been investigated in 
more than 240 experiments. 
EXPERIMENTAL SET-UP 
A schematic of the experimental setup is shown 
in Figure 2. The experimental section mainly consists 
of a transparent packed column of 120 cm long, al-
lowing concurrent movement of the phases down over 
the catalyst bed. Experiments were carried out on a 
10 cm diameter glass column fed upto 100 cm height 
with spherical glass beads of size 7.12 mm. Entry for 
gas and liquid phases were provided at the top of the 
Table 1. Description of foaming systems on which work already has been done during last three decades 
Type of liquid  ρL / kg m
–3  μL×10
-3 / kg m
–1 s
–1  σ×10
-3 / N m
–1 Reference 
Kerosene 
Cyclohexane 
790.8 
780.1 
0.99 
0.93 
25.3 
25 
[5] 
0.5% CMC 
1.0% CMC 
1001.4 
1004.6 
17.78 
55.99 
54 
51.9 
[20] 
59% Ethanol 
24% Methanol 
43% Methanol 
891.5 
956.1 
912.7 
2.45 
1.67 
1.67 
29.78 
45.35 
35.90 
[1] 
4% Butanol 
56% i-Propanol 
34% i-Propanol 
993 
895.5 
947.8 
1.13 
3.74 
3.02 
34.25 
24.18 
27.43 
[11] 
60% Glycerol 
77% Glyceol 
6 ppm SLS 
12 ppm SLS 
0.40% CMC 
1.6% Poly ethylene oxalate 
1148.0 
1192.7 
999.5 
999.5 
998.5 
1000.5 
5.93 
27.04 
1.13 
1.13 
3.41 
1.00 
64.53 
63.24 
59.10 
55.28 
57.01 
55.19 
[3,15,24] 
0.25% CMC + CTAB  1001.2  6.66  56.16  [9] 
 
Figure 2. Experimental set-up for present study of foaming 
liquids in trickle bed reactor. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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column. Air coming from the compressor via air surge 
tank was first saturated with process liquid in a satu-
rator before introducing into the column bed. The li-
quid was pumped from a liquid feed tank through a 
rotameter (to measure the desired flow rate). For the 
even distribution of liquid, a distributor (shown in Fi-
gure 3) was provided at the top of the packed section. 
The packing in the column was supported on a stain-
less steel mesh. The liquid was introduced into the 
column at the desired air rate. 
 
Figure 3. Schematic of liquid distributor equipped 
on the top of reactor column. 
A solenoid valve in the air flow is provided so as 
to cut the supply of air instantly for the measurement 
of dynamic liquid saturation. After crossing the length 
of the packing, the air and liquid phase were dis-
charged at the bottom of the column through a conical 
separator/discharger. For each run, the flow was kept 
constant and the flow rate was gradually increased in 
steps. No foam was noticed in the column at low 
rates. The manometer valve was also closed and air 
supply at 0.0312 kg/m
2s was introduced. The setup 
was left in position for 30 min. The liquid flow was run 
for 20 min for complete wetting of the packing. Small 
quantity of air was then introduced into the column 
and slowly the airflow rate was brought to its desired 
rate within 2-3 min. Both phases were allowed to flow 
downward over the packing for 20-25 min, which is ne-
cessary for the flow to attain a steady state. The flow 
pattern across the glass column was visually observed.  
The surfactant concentrations between 15-60 
ppm SLS were already high enough to turn the sys-
tem into a foaming one and to dramatically alter the 
reactor hydrodynamics as compared with air-water 
system. This study involves alternating gas and liquid 
ON/OFF arrangements to yield gas/liquid flow vari-
ably. The formation of foam structures caused drastic 
rises in the two-phase pressure drop in the reactor, 
which was recorded with the help of electronic pres-
sure transducers situated on the right to top of the co-
lumn. The total holdup was determined by the weighing 
method. The inlet and outlet valve of the system were 
closed simultaneously. The liquid was collected in the 
column for 30-45 min until formation for stable PF/FPF 
at high flow rates. Since the packing used is non-po-
rous, and thus internal holdup is zero, the measured 
value is the total holdup (the sum of the free-draining 
and residual holdup). 
During FPF regime, 65% of the sectional area of 
the reactor witnessed extensive foaming over catalyst 
bed surface. While using the transparent glass co-
lumn, regime transitional change observations were 
primarily made based on visual inspections. It was 
observed that GCF zones were more to the center-
front side of the catalyst bed column. But in FPF re-
gimes, foaming-pulsing concentration were observed 
to be more in both central front and central-left side of 
the bed column. Another criterion for observation of 
the transition boundary between GCF-PF/FPF is the 
evaluation of changes in liquid hold up and two-phase 
pressure drop values.  
Differential capillary rise method was used for 
surface tension measurements. In this method, two 
capillaries of different radii (shown in Figure 4) were 
fitted inside the Pyrex glass-cell with a standard joint. 
The capillaries were cleaned several times with dis-
tilled water, rinsed with methanol and dried. The outer 
Pyrex glass cell was cleaned the same way. The bo-
res of the capillaries were uniformly checked by mea-
suring the length and weight of mercury thread in dif-
ferent parts of the capillaries. The rise in the height of 
the liquid column in the capillaries was measured with 
a cathetometer (least count 0.05 cm). For each sample 
at least five measurements were taken. The diffe-
rence in the height of the liquids in the two capillaries 
was noted and the surface tension was calculated 
using the following equation: 
() 12
2
h = 
A
hh B
g
σ
ρ
Δ− = +  (5) 
where 
A = 
12
11
rr

− 

; B =   () 21
1
3
rr −  (6) 
and h1 and h2 are the heights of liquids in capillary 1 
and 2, r1 and r2 are the radii of the capillaries res-
pectively. The constants A and B were determined by 
measuring the ΔH for the two test liquids (benzene 
and chlorobenzene) of known σ and ρ at calibration 
temperature. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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Figure 4. Schematic of differential capillary rise apparatus. 
RESULTS AND DISCUSSION 
During experimentation, 38 transition points were 
recorded amongst more than 240 experiments at va-
rious liquid flow rates and five different gas flow velo-
cities. Table 2 presents the physiochemical descrip-
tion of systems used for present study. Figure 5 shows 
the working range for liquid and gas flow velocities at 
which regime transition changes occurred in both air-
foaming aqueous SLS and air-water (non foaming) 
systems. While comparing both type of investigated 
systems, early estimations show a huge shift of re-
gime transition boundary in aqueous foaming system. 
Table 2. Physical properties of chemicals used in present study 
Type of liquid used 
ρL 
kg m
–3 
μL×10
-3 
kg m
–1 s
–1 
σ×10
-3 
N m
–1 
Water 
15 ppm SLS* 
30 ppm SLS 
45 ppm SLS 
60 ppm SLS 
997.8 
999.1 
999.2 
999.4 
999.9 
1.01 
1.13 
1.13 
1.15 
1.19 
70.1 
58.3 
51.8 
47.2 
44.1 
Figure 6 presents the location of successive ex-
perimental points observed for both GCF and PF/FPF 
regimes in present study. These points were plotted 
over regime coordinates proposed by Charpentier [5] 
to specify the influence of hydrodynamic flow para-
meters in an adequate manner. Severely high foam 
was observed with increase in reactor liquid and gas 
flow velocities. Figure 7 shows the experimental points 
observed during the regime transition from GCF to 
PF/FPF for all four concentrations of surfactant sys-
tems. The regime transition boundary lies significantly 
below the transition line introduced by [5] and is higher 
compared to trends proposed by [7]. From Figure 7, it 
is also observed that the liquid flow rate at which 
foaming pulsing flow and regime transition change 
takes place, decreases with decrease in surface ten-
sion at corresponding high gas flow rates. For present 
investigation, change of regime transition occurred at 
liquid flow rates of more than 5 kg/m
2s, significantly 
lower than observations of [5]. This significantly pro-
nounces the effect of surface tension of liquid phase 
on transition occurrence. Amongst the three, the ma-
 
Figure 5. Range of experimental gas and liquid flow velocities to estimate regime transitional change 
in present study of non-foaming water and foaming systems. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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jority of the trends lie around the regime transition line 
proposed by Chou et al. [19].  
Figure 8 confirmed that the interaction between 
gas and liquid phases is small and barely affected by 
variations in the liquid flow rate. The fluid dynamics is 
liquid-gravity driven and gas-phase independent. The 
effect of gas flow rate of 0.0512 kg/m
2s is mild but not 
prominent and lead to high βexp values in both GCF 
and PF/FPF regimes. Further, high gas flow rate upto 
0.2559 kg/m
2 s evident a drastic decrease in dynamic 
liquid saturation values especially in PF/FPF regime. 
These results prove, the appearance of foam causes 
decrease in dynamic liquid saturation. The βexp in the 
foaming pulsing flow regime is dependent significantly 
on the gas flow velocities over bed surface. However, 
the increase in the gas velocity caused distinct de-
crease in amount of liquid holdup especially in PF/FPF 
regime. It is worth mentioning that, the effect of in-
creasing gas flow velocities on air-water system stu-
died were almost negligible, found a regular elevation 
in dynamic liquid saturation at present hydrodynamic 
conditions in column. It is clear that the effect of gas 
flow velocities on foaming aqueous SLS systems are 
more pronounced as rather than air-water systems. 
The solution of low surface tension produced ex-
cessive foam in both regimes. Further in high PF/FPF, 
effect of foam formation and low surface tension re-
sulted to decrease in βexp (Figures 9 and 10). Present 
trends revealed, the decrease in surface tension is 
associated with better spreading of the fluid. In TBR 
lower surface tension in foaming systems is expected 
to lower liquid hold up and increase in reactor pres-
 
Figure 6. Plot of GCF to FPF regime points observed for all concentrations of air-aqueous surfactant systems. 
 
Figure 7. Experimental points for GCF to PF/FPF regime transitional change plotted over coordinates proposed by Charpentier [5]. 
Experimental points also compared with regime transition boundary observed by Gianetto [7] and Chou [19]. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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sure. Figures 9 and 10 show the influence of gas flow 
velocities on decreasing surface tensions at 0.1535 
and 0.2043 kg/m
2 s, respectively. Here, more notice-
able thing is, both 45 and 60 ppm surfactant systems 
show a gradual lowering of dynamic liquid saturation 
values in both GCF and PF/FPF near regime tran-
sition boundary at corresponding gas flow rate 0.2043 
kg/m
2s. Figure 9 shows this phenomenon is less pro-
minent at corresponding gas velocity of 0.1535 kg/m
2 s. 
These trends confirmed that, the influence of surface 
tension on dynamic liquid saturation corresponds to 
different liquid Reynolds number is very significant 
while comparing high foaming liquids. 
Continuous foaming liquid flow over wetted and 
dry catalyst surface formed a uniform contact be-
tween liquid-gas and solid particles. The high liquid 
shear stress at the gas-liquid and liquid-solid interface 
form elevated pressure drops with increase in surf-
actant concentration (Figure 11). It is observed that, 
for 15-60 ppm aqueous SLS solutions, increase in 
foam concentration leads to heavy increase in two-
phase pressure drop at corresponding gas flow ranges. 
It also play a significant role to influence the shifting of 
regime transition boundary. While comparing, 30 ppm 
and 60 ppm aqueous SLS solution, shows a promi-
nent elevation in two-phase pressure drop especially 
at low liquid flow rates too. Whereas non foaming air-
water investigation results entirely opposite as com-
pared than present foaming system. However, the ef-
fect of foam concentration or low surface tension is 
 
Figure 8. The influence of gas flow velocities, G = 0.0512 kg/m
2 s and 0.2559 kg/m
2 s, respectively, 
on dynamic liquid saturation in both GCF to PF/FPF regime study. 
 
Figure 9. Effect of decrease in surface tension on dynamic liquid 
saturation corresponds to change in liquid Reynolds numbers 
observed, where G = 0.1535 kg/m
2 s. 
 
Figure 10. Effect of decrease in surface tension on dynamic liquid 
saturation corresponds to change in liquid Reynolds numbers ob-
served during GCF and PF/FPF regimes, where G = 0.2043 kg/m
2 s.V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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more prominent and significantly controls/changes 
the value of pressure drop in both GCF and PF/FPF.  
For present study, trickle flow (GCF) to the 
foaming pulsing flow (FPF) occurs at essentially lower 
wetting rates (low liquid and high gas flow rates) ob-
servable with difficulty. Figure 12 shows the regime 
transition data plotted over coordinates proposed by 
Bartelmus [11-12]. Here, regime transitional change 
observed for aqueous solution of 15, 30 and 45 ppm 
SLS appeared at gas flow velocity of less than 0.153 
kg/m
2 s which prominently lie higher than the litera-
ture data. This fact is due to the impact of low surface 
tensions on foam formation in concerned systems. 
Here noticeable thing is, trends observed for aqueous 
60 ppm SLS lie exactly on regime transition line pro-
posed in literature [11-12]. This phenomenon proves 
the influence of reactor foaminess on possible tran-
sition boundary shifting. However, present study wit-
nesses a good agreement with observations [11,12,20]. 
Figure 13 presents the comparison between re-
gime transition lines observed for non-foaming air-
water and foaming aqueous SLS-air systems. Both of 
the systems have marginally different viscosity and 
densities but significantly different surface tensions. 
The valuable observation is the location of different 
transition boundaries at which the foaming pulsing 
flow occurs. 
In Figure 14, the experimental points of present 
study are drawn using correlation proposed by 
[3,15,24,25]. Here worthy to notice that the present 
trends observed for air-aqueous 15 ppm SLS shows a 
good accordance with foaming TBR studies of [3,15]. 
 
Figure 11. Change in two-phase pressure drop observed for air-foaming aqueous SLS systems at corresponding liquid 
and gas flow velocities during GCF and PF/FPF regimes. 
 
Figure 12. Experimental points for change in regime transition observed during present study drawn over 
flow coordinates proposed by Bartelmus [11,12,19]. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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Further, high surfactant concentration of 30-60 ppm 
SLS leads to considerable shift in regime transition 
boundary. It also shows an early regime transition 
change as compared than results observed during 
earlier cases (given in Figures 7 and 12) of present 
study. It is again significant that, regime transition va-
ries with change in liquid phase surface tension of the 
system. 
CONCLUSIONS 
For aqueous solution of 15, 30 and 45 ppm surf-
actant, the transition points observed at gas flow rate 
of less than 0.153 kg/m
2 s lie higher than the regime 
transition line proposed [11,12,15,20]. Present regime 
transition shifting is prominently verify by changes ob-
served in dynamic liquid saturation and two-phase 
pressure drop for present study. A significant de-
crease in dynamic liquid saturation is evident espe-
cially during GCF to PF/FPF transitional change. This 
is for the reason that the surface tension of the sys-
tem studied was much lower in comparison to the 
surface tension of liquid phases studied in the present 
study. Corresponding to an increase in foam concen-
tration and decrease in surface tension, regime tran-
sition line shifted down. The liquid as well as gas flow 
rates are another deciding factors but showed com-
parable effect directly joined to foam formation or sur-
face tension. Here regime transition changes also wit-
nessed a significant elevation in pressure drop espe-
cially at corresponding low gas flow velocities too. Fi-
nally summarizing that, it is not necessary to follow a 
suitable mathematical criterion to best evaluate a re-
 
Figure 13. Schematic of trickle flow and foaming pulsing flow ranges(modified) drawn 
on the basis of experimental evidences of present study. 
 
Figure 14. Experimental points for change in regime transition boundary observed for present study 
drawn over regime coordinates proposed by Bansal [3,15,24]. V. SODHI: TRICKLE/PULSE FLOW REGIME TRANSITION…   CI&CEQ 18 (3) 349−359 (2012) 
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gime transition boundary in foaming liquids. It can be 
done more effectively by comparing flow map plots in 
accordance with coordinates proposed [3,5,11,12,15, 
20,24]. 
Abbreviations 
TBR  Trickle Bed Reactor 
GCF  Gas Continuous Flow 
PF Pulsing  Flow 
FPF  Foaming Pulsing Flow 
SLS  Sodium Lauryl Sulphate 
Nomenclature/notations 
L  liquid superficial velocity, kg/m
2s 
G   gas superficial velocity, kg/m
2s 
Z   packed bed height/ column, m 
S  specific bed surface area 
ΔP  two-phase pressure, N/m
2 
ΔPG  pressure drop based on gas, N/m
2 
ΔPL  pressure drop based on liquid, N/m
2 
De  equivalent diameter  
dp  effective particle diameter  
dps  equivalent spherical diameter  
Re   Reynolds number 
vG   gas actual velocity 
vL  liquid actual velocity 
σ  liquid surface tension  
ρL  density of  liquid, kg/m
3 
ρW  density of  water, kg/m
3 
ρG   density of  gas, kg/m
3 
μL   viscosity of  liquid, kg/ms 
μW   viscosity of  water, kg/ms  
ε   bed void fraction 
S1 
sp ad
ε
 
S2 
s
1
ps
l
d
φ 
 

 
λ 
0.5
L
air W
G ρ ρ
ρρ
  
  
   
 
ψ  
0.33 2
WL W
LW L
σμ ρ
σμ ρ
   
   
    
 
ξ 
3.5 0.5 0.33
WLW
LWL
σμ ρ
σμ ρ
  
  
  
 
ReL  ρL/S 
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NAUČNI RAD 
   PRELAZ IZ KAPAJUĆEG U PULSNI REŽIM U 
ISTOSTRUJNOJ PAKOVANOJ KOLONI SA 
PENUŠAVIM TEČNOSTIMA 
Najveći broj postojećih studija sa kapanjem penušavih tečnosti ima za cilj poboljšanje 
efikasnosti i operativnih promenljivih koji dovodi do ekonomskih unapređenja. Uobiča-
jeno, većina industrijskih postrojenja rade u često korišćenom režimu kontinualnog gas-
nog toka, kod kojeg je operacioni izlaz proizvoda zadovoljavajći, ali prinosi nisu toliko do-
bri kao kod pulsnog toka (PF) i penušavog pulsnog toka (FPF). Hidrodinamičke karakte-
ristike, kao npr. promena režima strujanja, značajno su uslovljene penušavom prirodom 
tečnosti, kao i protocima tečnosti i gasa. Cilj ovog rada je bio da se eksperimentalno ispi-
taju uticaji protoka tečnosti i gasa i površinskog napona tečnosti na promenu režima 
strujanja. Ovi parametri su analizirani na sistemima vazduh-vodeni rastvor natrijum lauril 
sulfata i vazduh-voda. Urađeno je više od 240 eksperimenata da bi se detektovala gra-
nica prelaza iz kapajućeg (GCF) u penušavi pulsni tok (PF/FPF), pomoću dodatka 15-60 
ppm površinski aktivne materije. Prelaz iz kapajućeg u pulsni tok dešava se pri manjim 
protocima gasa i tečnosti i sa smanjenjem površinskog napona tečnosti. Svi eksperimen-
talni podaci su predstavljeni u formi četiri različita tranziciona dijagrama, koji su uporđeni 
i dati u protočnim koordinatama, kako je preporučeno od strane više autora. Primećeno 
je značajno smanjenje dinamičkog zasićenja tečnošću, specijalno pri promeni režima 
stujanja. Pad pritiska u reaktoru ima primetan nagli rast, koji potvrđuje prelaz iz GCF u 
PF/FPF. Studija je potvrdila da na granicu prelaza značajno utiče bilo koja promena hid-
rodinamičkih parametara, kao i fizikohemijskih parametara, uključujući površinski napon 
tečnosti. 
Ključne reči: reaktor sa kapanjem tečnosti; penušanje; pulsiranje; prelazni režim; 
dinamičko zasićenje tečnošću. 
 
 
 